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Of the many inhal ati on drugs ava ilable today,
nitrous ox id e is the only o ne which is both nonex plos ive a nd no n-t ox ic. Although the compound is
rarely listed as a primary agent , it is used on alm ost
eve ry pati ent. The usefulne ss of nitrou s oxide tends
to be dismi ssed beca use it is considered to be relati vely weak. Howeve r, with the continuing tre nd
towa rd li ghter anesthes ia see n during the past qu arter ce ntury, this viewpoint is no lo nge r reasonable.
The fac t th at MA C for haloth ane can be red uced
to one third by the additi on of 70 % nitrou s oxide
attests to the dru g's potenc y.
The ex peri ence of ma ny prac ticing anesthetists
thro ugho ut the United States in d icates that anesthetic
ad ministrati on currentl y is more striking in its similar ities th an in its difference s. It may even be said
that a universal mode rn a nesthetic sequence has
evo lved ( fig. I ) . First, alm ost eve ryone uses thio-

MOD ERN ANESTH ETI C SEQUENCE
I.

T HIOPENTAL I NDUCTION

2.
J.

MUSCLE RELAXANT

4.

(ADJUNCT I VE AGENT)

N ITR OUS OXIDE

Fig. I- Mode rn anes theti c seq ue nce.

pental or some other barbiturate for induction , as a
soc ial necess ity. Second , nit rous ox ide in a co ncentration of 50 % to 70 % is in variably empl oyed during the mai ntenance phase of a nesthes ia. Third, a
mu scle rel axa nt is use·d in most majo r cases, both to
facilitate intubation a nd to produce surgical rel axation. Deep a nes thes ia is almost neve r relied upo n.
Finally, some oth er drug, pe rhaps halothane, ethe r,

* Prese nted at th e 25th Annu a l Stone burner Lecture
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or Inn ovar may be adopted-in conjunction with
nitrou s oxide-for the maintenance of anesthesia.
According to tradition this is called the primary
agent. But with the aforementioned trend toward
very light anesthesia, more often than not, this agent
is adjunctive in nature. In fact, in some instances,
an adjunctive drug is not used at all .
In the I 950's the British developed a technique
in which ve ry large doses of curare were used in
combination with nothing more than nitrous oxide
to produce the condition of anesthesia. No other
adjunctive drug was used for maintenance. In this
way , explosive agents were avoided. The process
became known as the " Liverpool Technique" (Geddes and Gray, 1959). Part and parcel of the Liverpool Technique was the intentional production of
respiratory alkalosis by hyperventilation. It was felt
that alkalosis increased the depth of anesthesia. In
recent years, however, the depressant effects of this
condition have been questioned and, indeed, alkalos is itself has been shown to be not without its
haza rd s.
During the past four years, we at Roosevelt
H ospital have been increasingly interested in avoiding not only explosives but also potentially toxic
agents. We have adopted essentially the Liverpool
Technique (that is, nitrou s oxide without supplement ation, and curare) and modified it in two major
aspects: we have employed normal ventilation, and
we have modified the curare dosage. To date this
techniqu e has been applied to approximately 3,200
patients.
Technique. Figure 2 is a step-by-step descripti o n of the technique as we have employed it. Premedication has been variable, but we prefer a
narcotic in the usu al clinical doses. Thiopental is
used for the induction of anesthesia in a dosage
sufficient to abolish the lid reflex. One hundred percent oxygen is administered by mask for about two
minutes, either prior to or immediately after the
thiopent al, and then after intravenous succinylM CV QUARTERLY 8( 2): 14 2, 147 , 197 2
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}. PREMED ICATION : NARCOT IC PREFERRED

2. THIOPENTAL, 4-8 mg / kg
3. o, 100' ' 0 2 MIN.
4. SUCC INYLCHOLINE I mg / kg

5.
6.
7.
8.
9.

INTUBATION
N,O

3.5 L.

O,

1.5 L.
= 90 ml / kg

VENTILATOR, MV

CURARE: BY DOSAGE SCHEDULE
ATROP INE

I0.

2.5 mg
1.0 mg

REVERSAL: NEOST IGMINE
DEC ,SION TO EXTUBA TE

Fig. 2-Rooseve lt Hospital's adapta tion of the Live rpoo l
Tech nique.

choline, endotracheal intubation is carried out. Immediately after intubati on, nit rous ox ide 3.5 liters
and oxyge n 1.5 lit ers are all owed to fl ow into th e partial rebreathing ci rcl e system. This fl ow is then mai ntained througho ut the remainder of the o perati on .
A mec hanic al ve ntil ato r is e mpl oyed in all instances
promptly after intubatio n. Th e ve ntil ator is set to
deliver a calculated minute volume of 90 ml per kg. A
relativel y slow respiratory rate , app rox im ately 8 to
10 per minute, with a relatively large tidal vol ume
is preferred. The minute volume is routinely checked
with a Wright vent il ometer. With signs of returning
muscle power following succ in ylcholin e, cura re is admini stered by a dosage schedul e described in figure 5.
Full curarization is mai ntained th ro ugho ut the procedure. At the termin ation of the surgical procedure,
reversal of curare is accom plished with the use
of neostigm ine 2.5 mg and a tropine l mg give n
simultaneously intrave no usly a nd repeated o nce if
necessary. Finally, a decision to ex tubate is made
by clinical means. If the patient is capable of coughing vigorously on the endot rac heal tube and of usi ng
his upper inte rcostal muscles to tak e a deep breath,
and ca n lift hi s head off the table, the end ot rac heal
tube is removed. If not, the patient is taken to the
recove ry room where mech anic al ventil at ion is continued until full motor powe r return s spo ntaneously.
It should be noted th at the above desc riptio n of
the nitrous ox ide-cura re tech nique co ntai ns nothing
really extraordinary. Mechanical ventil ati o n perh aps
is not commonly e mployed , but it is ge nerally accepted in mode rn a nesthesia. Everything else on the
list is very much a part of standa rd practice every
day everywhere th roughout the United States. Indeed , thi s sequence is really an exa mple of the basic
structure on which a n a nesthetic in thi s day a nd
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age is ofte n built. Wh at is surpri si ng about the list,
therefore, is not what is on it but what is mi ssing
from it. Note that there is no ad junctive drug listed.
Or to use the more traditi onal terminology, there is
no prim a ry age nt. Once the nit rous oxide is begun
and the cura re is give n, no ot her age nt is administered , ei ther int rave nously o r by inh alation. Nitrous
oxide is reli ed upon totally to produce unconsc iousness, a nd curare is reli ed upon totally to keep the
pati e nt o n the tabl e.
Memory. The most significa nt questi on about
thi s tec hnique is whether 70 % nitrous ox ide by itself
is enough to produce unc onsc iousness reli abl y in all
patients. The only way to a nswe r thi s is with the
ev id ence of extensive ex peri ence . As mentioned
ea rli e r, we have used this tec hnique fairly widely
in all age groups on approxim ately 3,200 adult
patients and in all types of surgery with the excepti o n of intrathoracic procedures. Approximately two
thirds of the cases were intra-abdominal. The techniqu e has bee n used in o perations ranging fro m one
ho ur in lengt h to well in excess of 6 hours, with an
average of th ree ho urs, a nd it has been adopted for
pati e nts representing all grades of ASA physical
status from I to 5, altho ugh the majori ty were either
2 o r 3. As of thi s date , we know of no pat ient of the
3,200 who we re ac tu all y receiving 70 % nitrou s
ox ide, who had any pai n o r any other conscious
me mory of th e surgical procedure.
We did have five pat ient s who remembered
certain things due to a brea k in technique. Four
of the five remembe red eith er intubati on or ex tubation. As a res ult , we have begun to use liberal
a mo unts of indu ction thi opent al a nd to co ntinu e
nit rous ox id e up to the mome nt of curare reve rsal.
In o ne patient, a bri ef period of memory did occur
during th e operati on. This patient remembered
seve re pai n a nd a conversation which we knew d id
occ ur. On furth e r investi gati on, howeve r, we found
that just before the peri od of mem ory th e anestheti st had di sconnec ted th e endotracheal tube for
sucti o ning for approxim ate ly 20 seconds. During
this time the ve ntil ato r continued to operate . It
empti ed itself of nitrou s ox id e and drew air into
the system through the open connector. For the ne xt
several minutes the patient rece ived air instead of
nitrous oxide.
We conclude that nitrou s ox ide in a co ncentrati on of 70 %, does preve nt memory totall y a nd in all
patie nt s. However, the sli ghtest brea k in technique
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can result in memory and must be gua rded against
continuously.
Ventilation. A mechanical ventil ator has been
utili zed in all cases in our experience. In additi on,
a W right ventil ometer is routinely used to verify the
prese nce of proper minute volum e. We have selected
a fi gure of 90 ml per kg body we ight fo r est im ati on of
the minute volume on the bas is of pri or ex peri e nce,
both in the operatin g roo m a nd in o ur respirato ry
intensive ca re unit where a rt eri al blood gas analysis
revea led a PaC0 2 of between 35 and 45 mm H g in
most pati ent s. This fact has also been docum ented
in a stu dy in de pende nt fro m ours (Ocbo a nd T e rry,
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1969) .
O ur real co nce rn , howeve r, was wheth er, with
normocapnea, adequ ate a rterial P0 2 levels coul d be
reli ably p rodu ced . We fo und in our ea rl y stud ies on
healthy pati ent s undergo in g abdomin al surgery , that
PO/s in excess of I 00 mm H g we re produced routinely. H owever, in an attempt to look at th e worst
poss ibl e c ircum sta nce, we also studied 16 p ati ent s
un de rgo in g abdo min al ao rti c graft proce dures with
70 % N20-cura re a nesth es ia. Seri al blood gas determinati ons durin g surge ry yielded the results li sted
in fi gure 3. In no case was th e P0 2 eve r be low 60

Abdomina l Ao rt ic Grafts
Mean Age 68 - 7 (S.D.)
ASA Sta tus 2 - 4
Lowest PaO,

N umbe r

U nder 60
60 - 69
70 - 79
80 - 89
90 - 99
100 +

0

Total

16

4

6
3

2

.26-.30 .31 - .35

.36 - .40 '.41- ... 5 .4 6-.50 .51-.55 .56 - .60

INI TIAL CU RARE , mc;i /k 9

F ig. 4-Graph showing study o f cu ra re dosage necessary
to prod uce para lys is.

latory p attern yield s consistentl y higher P0 2 values
than a rapid , shall ow pattern .
We conclud e th at with norm ocapn ea, adequ ate
oxyge nati o n ca n be p roduced , so long as the ventil atory p attern is p roper, and so long as p atients with
seve re int ra pulm o nary shunt ing, such as occurs in
intra th o rac ic surgery, are avoid ed .
Curare Dosage. Traditi onall y, a clinicall y effecti ve single dose of cura re is sa id to be in the range
o f 0.5 to 0.6 mgm pe r kg body we ight. In a se ri es of
I 00 cases of patie nt s undergo ing elective surgery
with thi ope nt al-N20-0 , a nesthes ia , we fo und th at a
dose of 0.3 mg per kg p roduced a clinically adequ ate
degree of paralys is in about half the patients, as seen
in fi gure 4 .
F rom thi s expe ri ence we deve loped the curare
dosage sc hedul e o utlin ed in fi gure 5 . A dose of curare
is calc ul ated on th e bas is of 0.3 mg per kg an d is admini stered to eac h p ati ent. If thi s is not suffic ient to

F ig. 3- Se rial blood ga s de term inat ions during surge ry with
N :O·c urare a nesthesia.
CU R AR E DOSAGE SC H ED U L E

mm H g, and in 12 of th e 16, th e lowest P0 2 reco rded
was above 70 mm Hg. Whil e thi s does not indic ate
lu sh oxyge nati on , these P0 2 va lu es p roba bl y do
rep rese nt th e no rm al leve ls fo r thi s age gro up. Th e
average PC0 2 in thi s se ri es was 38 mm Hg. It is
wo rth repea tin g th at a ve ry slow ve ntil ato ry rate, 8 to
IO per minut e with a rela ti ve ly hi gh tida l volum e, was
empl oyed. It has bee n o ur ex peri ence th at thi s ve nti -

J.

2.

IN IT IAL

a)

0.3 mg / kg

b)

IF I NSUF FIC IENT.

I ml

I NCREMENTS

SUBSEQUENT DOSES

a) G I VEN rj 20- 40 MIN

b) EACH DOSE

= /;

PREV IOUS DOSE

Fig. 5- 0 utl ine o f curare dosage sc hed ul e.
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Fig. 6- Dosage schedu le of cura re adm ini st ratio n.

abolish all co ughing an d respiratory ac tivity , add itional curare is admini stered in I ml (3 mgm) increments until all gross motor ac ti vity ceases. The total
amount of curare is noted at this po int, a nd becomes
the basis for all subsequ ent doses. Each subsequ ent
dose needs be o nl y one half its previous dose , and it
is required eve ry 20 to 40 minutes when signs of
returning mu scle activity occ ur. Wh en a dose of 3
mgm is reached, it is repeated , without hal ving, as
necessa ry. An exa mple of a dosage sc hedul e in a
typical case is show n in figure 6.
Using thi s dosage sc hedul e, we have been able to
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Fig. 7-Graph showi ng total curare dose as measured
against duration of a nesthesia in I 00 cases.
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reli ably produce adequate continuous curari zation
with rea sonab le total curare doses. Figure 7 is a plot
of the total curare dose in o ne hundred co nsec utive
cases aga inst the total duration of a nesthes ia . Total
dose was clearly related to time. More important ,
the average dose was approximate ly 0.7 mg per kg
whic h, for the ave rage pati ent , represents a total of
50 mgm curare during a 3-hou r a nesthetic. This
compares very favorably with the ex pe rience of the
British .
Blood Pressure Changes. Significant hypotensio n incident to the ad mini strati o n of clinical doses
of c urare has been reported (Thomas, 1957). Tn our
ex perience, however, thi s has not bee n a problem .
Figure 8 is a compilation of the lowest and hi ghest
blood pressures noted in I 00 patient s, as me as ured
by th e cuff method , during the twe nty minutes follow ing the initi al curare dose. While some patients
responded with ve ry low-a nd some with very hi gh
- blood pressures, th e majority showed o nl y mild
changes, and no definite trend of clinical signific a nce
co uld be di scerned.
Figure 9 is a plot of the degree of hypotension
see n in those 55 patients in the se ri es who suffered
a fa ll in press ure, versus the dosage in each case. We
co uld di scern no dose-response relationship . We conclude th at while curare has been reported by others
to cause hypotensio n it does not do so to a clinically
significant degree in the dosage range employed in
thi s se ri es.
Curare Reversal. Early in o ur ex pe ri ence we
noted a n occasional pati ent who was un able to maintain adequate spo nt a neous ve ntil ati on following the
ad mini strat io n of neostigmine, even though these
pati ents had not received excessive doses of c urare .
This was surpri sing in view of the well-documented
fact th at neosti gmine is a hi ghly predictable antagonist for cu ra re (Bridenbaugh a nd Churchill-Davidso n, 1968; Katz, 1967) . However, review of these
cases di sclosed the fac t th at many had received
intra peritoneal antibio tics of the type known to produce mu scle paralysis ( Pittinger, et al .. 1970) , and
all th e others had been eith er hypothe rmic or hypovolemic a t th e time of atte mpted curare reve rsal.
These factors have been shown to delay significantly
th e redistribution of curare ( D al Santo, 1964 ) . Followi ng thi s discovery we instituted the practice of
o mitting neostigmine revers al in those patients who
had received intraperito neal antibiotics, who were
hypoth ermic, or in who m a hypoperfu sion state was
judged to be prese nt. Th e endotracheal tube was left
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in pl ace, a nd mu scle powe r was allowed to return
spont aneously whil e th e pati ent was ventil ated mechanica ll y in the recovery room. After th e institutio n
of this prac tice, experi ence in 100 co nsec uti ve pati ents was rev iewed and is summ ari zed in fi gure I 0.
E ightee n patients we re inte nti onall y not reve rsed ; of
th ese, six had un de rgone proced ures, such as abdo min al aortic grafts, in which pos to perative mecha ni ca l ve ntil ation is utili zed in our institution as

.

70 -

•

~~lJi~~i 50
Foll , mm H9

30

10

L

.
.

. .

.... ...

••

..... .. .,
•
. .,...,._
-.....
•30

,40

-•

.50

•
.60

INITIAL CURARE, m9/kg
Fig. 9-G raph showi ng degrees o f hypote nsio n in pat ie nt s
a s m ea sured aga in st ind ivid ua l c ur are do sage.

a matt er of co urse. H ypoperfu sion , hypoth ermi a, the
use of intraperit oneal antibiotics, or a combin ation
of these, were prese nt in all oth er instances.
Of th e 82 cases in which neostigm ine was empl oyed, onl y o ne fa il ed to develop adequate spontaneous ve ntil ati on, and in thi s o ne case, severe
hypovo lemi a fro m unrecogni zed su rgical blood loss
was noted sho rtl y the reafter; spont aneous ventil ation
returned with the tra nsfusion of two units of whole
blood. We conclud e th at neostigmine is indeed a
predi ctabl e a ntagonist for curare so long as th e pathologi c conditi ons noted above a re exclud ed .
Conclusions .
1. Sevent y perc ent N 20 , as a sole depressant
age nt , is adequ ate to prevent p a in -and memo ry in 100 % of cases. There is no ev idence

CU RA R E NOT R EVE RSE D : 18 PATI ENTS
I.
2.

PLANNED POSTOP. VENTI L ATI ON
H YPO PERFUS ION

3. H YPOTHERM I A
4. I. P. ANT IBIOTIC

6

7
6

7

Fig. I 0- Results of rev iew where c u ra re was no t reversed.

KEENAN: NITROUS OXIDE-CURARE ANESTHESIA: REAPPRAISAL

that it is ever inadequate as an anesthetic,
even in deep intra-abdominal operations.
Therefore, with this technique, the use of
other potent depressant agents either by inhalation or by vein is unnecessary. Major
organ toxicity is thus avoided, and recovery
from anesthesia is prompt. Furthermore,
major cardiovascular abnormalities occurring during surgery can be assumed to be
due to factors other than anesthesia, since
neither N 2 0 nor curare alter cardiovascular
function significantly.
2. Curare dosage need not be excessive . When
used according to the recommended schedule, it is well within the range known to
be successfully antagonized with neostigmine
and below the level known to produce significant hypotension.
3. Hypoxia need not occur, so long as mechanical ventilation is properly applied and
meticulously measured. Whenever there is
doubt, arterial blood gas analysis should be
available.
4. Curare reversal has proved to be successful
in all cases except in those instances in
which there is some pathologic process
which delays curare redistribution such as
hypovolemia, or hypothermia, or in those
instances in which intraperitoneal antibi-
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otics are used. In those cases, one must be
prepared to utilize postoperative mechanical
ventilation .
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